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[57] ABSTRACT

A method of molding polyurethane articles using three
mold release agents, the first being a halocarbon film,
the second a hydrocarbon rele¢ase agent and the third
a polyvinyl alcohol release agent.

S Claims, 3 Drawing Figures
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METHOD OF MOLDING POLYURETHANE
ARTICLES IN. A MOLD COATED WITH THREE
MOLD RELEASE AGENTS

“This mventlen relates te a methed of makmg shaped_r |

polyurethanes and applying a nondnscolormg polyure-

thane coat to the shaped polyurethane and to.  the
method of releasmg said shaped polyurethane. More
partlcularly, this invention relates to a method of mak-
ing a shaped microcellular polyurethane article with a
nondlscolormg coating thereon. More specifically, this
invention relates to utilizing mold release agents for
formmg shaped polyurethanes. o

In making shaped polyurethanes it is necessary to use

a shaper such as a mold or an extruder. Since the
shaper tends to adhere to the polyurethane reaction
mixture during the shaping it has been the general
practice to treat the surface of the shaper with a mold
release agent These release agents have been used very
widely and in general have been such materials as
waxes, polyethylene and polypropylene and poly-
ehlorofluoro alkylenes Unfortunately, when it has
been attempted to apply a nondiscoloring polyurethane
coating over the shaped polyurethane article to give an
article which is essentially nondiscoloring when ex-
posed to sunlight, it has been found that the nondiscol-
oring polyurethane coat or paint, which was applied
over the shaped polyurethane, tends to become disen-
gaged from the shaped polyurethane surface due to the
failure to obtain a satisfactory bond. Heretofore it has
been the practice to remove the mold release agent

such as polyethylene or wax by treating the surface of

the shaped polyurethane article with a suitable solvent
such as methylene chloride or trichloro ethylene ke-
tones and related solvents.. It has been the experience
that these solvents tend to disrupt or damage the sur-
face of the shaped. polyurethane article durlng the re-
moval of the mold release agent and also require use of
relatively expensive equipment to control the solvent
loss. Also, even this severe vapor solvent treatment has
not been entirely satlsfactory In eliminating paint peel.

It is an object of this invention to provide a method of
forming a shaped pelyurethane article which may be
removed from the shaper and be water washed and
dried to give a shaped polyurethane article that will
readily accept a nondiscoloring polyurethane coating
or a paint coat and yet be free of the tendency of the
coating to bleed or flake off as has heretofore been
associated with polyurethane articles of this nature.

The object and advantages of this invention can be
more readily appreciated and understood by reference
to the drawmgs wherein

FIG. 1 is a perspective view of one embodiment of a
lower part of the mold having part of its release coat
thereon; | |

FIG. 2 is a perspectwe view of a wheel; and |

FIG. 3 1s a cross-section through the mold composed

of lower part of the mold of FIG. 1, having the wheel of

FIG. 3 positioned thereon to form a closed mold.
Referring more specifically to FIG. 1, a berylllum
copper alloy lower mold part 5 is shown having tapered
trapezoidal members 6 projecting upward from the
body part 7. The body part 7 has a seal or decorative
groove. 8 and tapered portion.9 terminating in a hub
ring or portion 10. The wheel 11 1s placed over the
lower mold member 5 in the manner shown in FIG. 3 to
form a molding cavity 12 between the outboard face 13
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“of the wheel and the lower part of the mold. The wheel

and lower part of the mold are locked in the position
shown in FIG. 3 by the wellknown mold lockmg means
such as Z type clamps not shown.

~ Since the tapered trapezoidal member 6 produces a
.hole 1n the molded plastic-member 14 adhered to the
wheel, it i1s extremely difficult to break the vacuum

between the tapered trapezoidal member and the ta-
pered hole of the plastic member adhered to the wheel.
To aid the breaking of the vacuum or opening of the

ment of this nvention the mold.is given a special treat-
ment with a unique combination of mold release
agents. SR

The mold preferably is any of the well known meld
metals and the most preferred metal is. berylhum cop-
per alloy.

Where very intricate molded artlcles are to be
formed, the clean metal mold is coated with a first mold
release agent selected from a halogenated hydrocarbon

polymer having a meltmg point above 250°C. to give a

film 0.1 to 5 mils thick, with the preferred thickness
being 0.2 to 0.8 mils when baked or dried at 300°C. to
fuse the polymer into a uniform coat. Over the haloge-
nated hydrocarbon polymer or first release agent coat-

ing a second coating of a hydrecarbon solid melting

between 60° to 110°C., such as wax, polyethylene or
polypropylene is applied by spraying, brushing or other
well known means of applying mold release, and dried.

This coating preferably is 0.5 to 3 mils thick after dry-
mg An additional or third coat of another release agent
is applied over the coats of the first and second release
agents to give the ultimate mold release surface.

- This third release agent is applied as a barrier coat of
a 5 to 10 percent 50/50 isopropanol-water solution of
polyvinyl alcohol to give a coating 0.3 to 1.0 mils thick,
with the preferred range being 0.4 to 0.7 mols. This
coating 1s dried at 70° to not over about 80°C. and is
ready for use.

The lower part of the mold hawng coatings of three
different release agents applied in the above manner
has a wheel placed thereon in the manner shown best in
FIG. 3 and locked to form a complete mold and then
this mold 1s charged through charge port 15 with foam-
able microcellular polyurethane reaction mixture and
allowed to foam and cure. Then the mold is unlocked
to permit the wheel having the polyurethane decorative
part adhered thereto to be removed from the lower part
of the mold. The poiyurethane decorative surface strips
from the mold very readily and does not tear or affect
the aesthetic appearance of the surface of the polyure-
thane adhered to the outboard face of the wheel. Also,
the excess polyvinyl alcohol was readily removed from
the surface of the molded part with a water wash, pref-
erably at about 50° to 90°C. to give a molded surface
that could be effectively painted when dry as the sur-
face 1s now free of the wax.

The combination mold release system can be used for
repeated moldings, usually for several months, before
the polyhalocarbon polymer has to be removed and be
recoated with a new coat of polyhalocarbon, provided
a-second and third release agent treatment is applied
after each molding. It should be understood that the
second  and third mold release agent combination ei-
ther with or without the semipermanent release coat of
polyhalocarbon film produces a unique effect. Namely,
the use of second and third mold release agents in
combination permits mold parts to be obtained which:
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can easily and readily be given a paint coat that is resis-
tant to bleeding, flaking or peeling.

Thus, some of the advantages of the three combina-
tion release coat systems is the polyhalocarbon coating
can be applied as a solvent dispersion and then be
melted to give a uniform smooth coating or film over
the mold surface and serve to prevent stacking in the
event of failure of the second and third coats. The
second release agents serve to in effect act as lubricant
and prime parting agents, i.e. between the first and
third mold release agents. The third mold release agent
supplies a surface on the molded article which can be
cleaned of contaminants by a simple water wash and
then be effectively painted.

The fluorocarbons useful in this invention are the
highly halogenated chain polymers whose structure is
composed substantially exclusively of carbon, hydro-
gen and halogen atoms. It i1s preferred that the chain
polymers be at least half fluorinated and that —CH,—
groups be present. In other words, at least some of the
~ carbon atoms on the chain should be bonded only to
hydrogen atoms and other carbon atoms.

Chain polymers with a minor degree of disorder in
their molecules are generally more thermoplastic in
nature than those without such disorder. Elasticity
requires a greater degree of disorder. In order to obtain

an elastomeric product, at least 10 percent of the car-

bon atoms in the structure must be of the type which
are bonded only to hydrogen atoms and other carbon
atoms. Ordinarily, a mono-olefinic compound contain-
ing a CH,y= group 1s used to provide these carbon
atoms, and this results in chains containing —CH,—

groups. Ordinarily, such a mono-olefinic compound is

copolymerized with another highly fluorinated mono-
olefin to help give the polymer molecule its highly
fluorinated nature.

Among the highly fluorinated mono-olefins which
may be used as comonomers are: CF, = CHCI, CF, =
CCl,, CF;— CF=CF,, CF,= CHCI, CF; — CCl=CC(l
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CF, =
~CF,
CF,=CHBr, CF,=C(Cl — CF;, CF; — CH=CH, and
CF;; — CCl = CC12 |

Among the hydrogen containing mono-olefins which
may be used as comonomers with the above highly
fluorinated monoolefins are: CF, = CH,, CFH = CH,,
CH, = CH,, CHC] = CH,, CCIl, = CH,, CCIH = CH,,
CHBr = CH, and

CF;
CH2 = C‘<
CH,

Of these, the most advantageous combinations are:

CF, = CFCIl/CF, = CH,, CF, = CF,/CF, = CH,, CF, =
CF,/CH, = CFCI, and CF, = CHBr/CF, = CH..

The aforementioned mono-olefins may be copoly-
merized in any proportions, depending on the charac-
teristics desired. Good chemical stability requires fluo-
rine substitution at at least one-half of the possible
positions for such substitution in the polymer chain.
It s to be noted that all of the monomers enumerated
above contain only carbon, hydrogen and halogen
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atoms and, therefore, produce copolymers substan-
tially without markedly reactive functional groups.
This, of course, does not preclude the presence of other
atoms in end groups which might be formed by chain
stoppers in the polymerization zone, present by design
or by accident. Such end groups are relatively few In
number and are difficult to detect. They do not, in any
way, affect the characteristics of the polymer to any
noticeable degree.

Fluorocarbons especially valuable and useful in this
invention are those having a density at 25°C. in grams
per cubic centimeter of about 2.1, a melting point of
about 300°C. and a molecular weight of about 3700
and usually less than 8000. These materials are avatil-
able from du Pont de Nemours & Company under the
trademark VYDAX, a fluorotelomer which 1s trichlo-
rotrifluoroethane dispersion of a white, waxy short-
chain telomer of tetrafluoroethylene. Usually the dis-
persions are available up to 20 percent solids by weight
and can be diluted to permit their ready applicatioon
by brushing or spraying.

Specific examples of particular urethane materials
and the molding die temperatures and curing time,
presented by way of illustration of the use of multiple
mold release agents, and the method and product of
this invention and not by way of limitation (all parts are
by weight unless otherwise designated) are as follows:

EXAMPLE I

A beryllium copper alloy lower mold part was
cleaned mechanically as well as 1n a trichlorethylene
degreaser and spray coated with a 5 percent dispersion
of a waxy shortchain telomer of tetratluoroethylene in

trichlorotrifluoroethylene to give a film 0.3 to 0.5 mil

thick after fusing by heating up to the minimum fusing

temperature of about 300°C.

This short chain telomer of tetrafluoroethylene
coated lower mold part was placed on a molding con-
veyor and moved through a preheat oven to heat the
lower mold part to a 70°C. and then given a spray coat
of a naphtha solution of polyethylene, mold release
grade, to give a dry film of 0.5 mil thick over the short
chain telomer of tetrafluoroethylene. Normally, the
polyethylene fiim should be 0.3 to 0.8 mil thick.

This polyethylene coat was top coated with a spray
coat of a 50/50 1sopropanoi-water solution of polyvinyl
alcohol while the mold part was still sufficiently hot to
remove the solvent. o |

A wheel was placed on the lower mold part with the
outboard face of the wheel next to the lower mold part
to form a mold cavity. A decorative face was molded
on the wheel by injection through the charge port in the
wheel, a charge of a foamable polyurethane mixture
shown below in Example A. This lower mold part was
used for several thousand moldings with only new ap-
plications of polyethylene and polyvinyl alcohol release
agents,

EXAMPLE A
A microcellular polyurethane reaction mixture was
prepared by machine mixing simultaneously the follow-
ing igredients:

Ingredients Parts

An acrylonitrile grafted polypropy- -
lene ether diol-triol of 165 P
hydroxyl number

Water

100

0.2
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~continued

Ingredients Parts
Triethylene diamine 0.07
Dibutyitin dilaurate - 0.14
Quasi prepolymer of toluene diisocyanate

reacted with less than 1000 molecular

weight polypropylene ether diol to give

30% free NCO content 45

This microcellular polyurethane reaction mixture
was charged into the mold cavity of FIG. 3 to form the
ornamental portion of the wheel after reaction at 60° to
80°C. for approximately ten minutes and removed from
the mold. | |

The unique mold release combination of this inven-

tion can be used with any polyurethane reaction mix-

ture of either the foamable or homogeneous types, i.e.
the polyether and polyester polyol organic polyisocya-
nate types. It was applicant’s experience that the use of
a single or any two of the three mold release agents
gave problems either in getting satisfactory mold re-
lease, especially with complicated mold shapes, and in
getting a polyurethane decorative part that could be
painted without loss of paint due to peeling.

EXAMPLE II

A wheel having the polyurethane decorative face
adhered thereto was given a hot water (75° to 95°C.)
wash and dried at 110°C. and spray painted with a
polyurethane paint and baked for 20 minutes at 120°C.
to give a decorative wheel that has a decorative cover
which is resistant to paint peel.

EXAMPLE I

~After the lower mold part had been used daily for
several months on the molding line, it slowly accumu-
lated debris, due to loss of the halocarbon film, that
effected the appearance of the molding and had to be
removed from the line. '

This lower mold part then was dipped in a bath for 15
to 30 minutes at 200° to 230°C. of diethylene glycol
which dissolved the short-chain telomer of tetrafluoro-
ethylene coating, as well as any adhered polyurethane,
to give a clean lower mold part.

The diethylene glycol on the lower mold part is re-
moved with solvents such as acetone or methylethyl

10
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ketone or alcohol wash, the preferred solvent being
ethylene glycol monoethyl ether and dried to remove
the solvent and is ready to receive another coating of
the short-chain telomer of tetrafluoroethylene to give
the first release coating and thus permit the lower mold
part to be returned for use on the molding line where

polyethylene and polyvinyl alcohol release coats are

applied just prior to each molding.

While certain representative embodiments and de-
tails have been shown for the purpose of illustrating the
Invention, it will be apparent to those skilled in this art
that various changes and modifications may be made
therein without departing from the spirit or scope of

the invention.

What 1s claimed is:

1. In a method of molding polyurethane articles from
a polyurethane reaction mixture by applying mold re-
lease agent to the mold, charging a polyurethane reac-
tion mixture into the mold and permitting said reaction
mixture to react and set prior to removal from the
mold, the improvement wherein the mold release coat-

-ings comprises a coating of a polyhalocarbon a hydro-

- carbon mold release agent selected from the class con-
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sisting of wax, polyethylene and polypropylene and a
coating over the hydrocarbon mold release agent of
polyvinyl alcohol.

2. The method of claim 1 wherein the molded poly-
urethane article is water washed at 70° to 95°C. and
dried to present a surface receptive to painting.

3. The method of claim 1 wherein the hydrocarbon
mold release agent is applied over a semi-permanent
polyhalocarbon film of a short-chain telomer of tetra-
fluoroehtylene on the mold surface.

4. The method of claim 3 wherein the mold has been
used until debris begins to collect and is regenerated by
washing the mold release agent from the mold with hot
diethylene glycol and washed with a solvent and then
recoated with the mold release coatings, said coatings
being applied successively as follows: polyhalocarbon
coating hydrocarbon mold release coating and polyvi-
nyl alcohol coating.

5. The method of claim 4 wherein the diethylene
glycol 1s about 200° to 230°C. and the solvent is ethyl-

ene glycol monoethyl ether.
* ¥k ok %k
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